be 4 
sin 


} 


4 
4 
a 
q 
At 











THE EARTH SCIENCE INSTITUTE 





C. W. WOLFE, President JEROME M NBERG, £ e Se 
GILBERT O. RAASCH, Ist Vice-President H. R. ALDI 
Sc. S. HURLBUT, JR 


H. P. ZUIDEMA, 2nd Vice-President Cc 
MARY E. MROSE, Treasures 

The Earth Science Institute is a non-profit organization created exclusively 
for education in and promotion of the earth sciences. 

Membership in The Earth Science Institute is open to all persons and 
organizations interested in the fields of geology, mineralogy, paleontology, and 
allied earth sciences. 

Members of the Institute receive The Earth Science Digest, a monthly 
magazine devoted to the geological sciences, in which is contained the Earth 
Science Institute Bulletin; use of the Institute Library; and many other services. 


Application blanks may be obtained from the executive secretary. For 
further information write to Jerome M. Eisenberg, Executive Secretary, The 
Earth Science Institute, Revere, Massachusetts. 


SS= 
CLASSES OF MEMBERSHIP 


Supporting, $10 a year; Regular, $5 a year; Associate, $3 a year (non-voting); 
Life, $100, no further dues; Organizaticnal membership, $10 a year. 











THIS EARTH OF OURS — PAST AND PRESENT 
by CALEB WROE WOLFE 


* Extensive experience with the aim and teaching of Liberal Arts subjects 
plus an understanding of the student interests and available time have resulted 
in this unique textbook of geology by Dr. Caleb Wroe Wolfe, Professor of 
Geology and Chairman of the Department of Geology at Boston University 
In this new textbook, which includes both physical and historical geology, the 
author has omitted extended details and all material which the beginning 
student need not master. 

* Each geologic concept is well illustrated, with thorough explanations 
accompanying each illustration. 

* The philosophical aspect of geology and its unsolved problems are 
emphasized. 

* Historical geology is treated first from the point of view of the history 
of the continent, and then according to the history of life 

* It is written for the beginning student and is particularly appropriate for 
a first year Liberal Arts course in geology. 


‘Recently I had the pleasure of reading through your new and interesting book 
THIS EARTH OF OURS. It is certainly stimulating and fu f x halleng 
ideas."" — DR. E. WM. HEINRICH, University of Michigan 
MARCH 1950 384 pp., 239 illus. $5.00 
Teachers: A limited number of examination copies are available. Dealers’inquiries are ed 


The Book Shelf 
The Earth Science Publishing Gompany 


REVERE, MASSACHUSETTS 








THE EARTH SCIENCE DIGEST 1 


The Earth Science Digest 


Revere, Massachusetts 





Vol. V AUGUST, 1950 No. 1 








A magazine devoted to the 
geological sciences. 


Jerome M. Eisenberg, Editor 


ADVISORY BOARD 


H. P. Zuidema, University of Michigan 
(Associate Editor) 


C. W. Wolfe, Boston University 
(Physical Geology) 


Horace G. Richards, Academy of Natural 
Sciences of Philadelphia 
‘Paleontology) 


W. D. Keller, University of Missouri 
(Economic Geology) 


Richard M. Pearl, Colorado College 
(Mineralogy) 


Kurt E. Lowe, City College of New York 
(Petrology) 


Ben H. Wilson, Joliet Jr. College 
(Geologic Education) 


THE EARTH SCIENCE DIGEST is open to 
articles of geologic interest Manuscripts, 
photographs and sketches will be returned if 
accompanied by ample first-class postage. 


Subscriptions: U. S. and possessions, Canada, 
Philippine Is Latin America and Spain: 1 
year, $3.0 2 years, $5.00; 3 years, $7.00 
Other countries: 1 year, $3.50; 2 years $6.00 
Single copies 25 cents 

Special group subscription rates allowed to 
educational institutions and societies 

10 or more subscriptions, $2.00 each per year 

The Earth Science Digest is the officia] pub 


lication of the Earth Science Institute 


The Earth Science Digest, copyrighted 1950 
by The Earth Science Publishing Company in 
U. S. and Great Britain. All rights reserved. 
Title registered in U. S. Patent Office 

Published monthly by The Earth Science 
Publishing Company, 77 Victoria St., Revere, 
Mass. Entered as second class matter April 12, 
1948 at the post office at Boston, Massachusetts, 
under the Act of March 3, 1879 


S. ALBERT EISENBERG 
JEROME M. EISENBERG, Publishers 


GERTRUDE ROBERTS, Business Manager 


CONTENTS 


Radioactive Areas Located in Upper 
Michigan by Plane Survey 2 
CURRENT STATUS OF ATOMIC RAW 


MATERIALS Part II Robert 

J. Wright 3 
COLUMBIA MINERAL RESOURCES 

APPRAISED 10 
Earth Science Abstracts 12 
Water Resources June 1950 12 


SEDIMENTATION STUDIES AT 
LAKE MEAD Herbert B. Nichols 13 

OPPORTUNITIES FOR LECTURING 
AND RESEARCH ABROAD UNDER 
THE FULBRIGHT PROGRAM 22 

NEW BOOKS 24 





Meetings and Conventions 


« Northwest Federation of Mineralog- 
ical Societies, Annual Convention. 
September 2-3, 1950 State Armory, 


Spokane, Wash. 


“ Meteoritical Society, Annual Meeting. 
Sept. 5-7. Museum of Northern Arizona, 
and Meteor Crater, Flagstaff, Arizona, 


* Geological Association of Canada, 
Annual Meeting, Sept. 11, 1950. Banff, 
Alberta. 


* National Petroleum Association, An- 
nual Meeting, Sept. 13-15. Hotel 
Traymore, Atlantic City, N. J. 


“* Mississippi Geological Society, 8th 
Field Trip, October 13-15. Registration. 
Lamar Hotel, Meridian, Mi-s. Oct. 12. 


“- American Association of Petroleum 
Society of Economic 
Mineralogists; 


Geologists; 
Paleontologists and 
Society of Exploration Geophysicists. 
Pacific Section Annual Meetings. Oct. 
19-20. Ambassador Hotel, Los Angeles, 
Calif. 


“ Permian Basin Oil Show. Oct. 19-22. 
Odessa, Texas 








2 THE EARTH SCIENCE DIGEST 


Radioactive Areas Located In Upper Michigan 


By Plane 


WASHINGTON, July 26 A VU. S 
Geological Survey 


that the Northern Peninsula of Michigan 


investigation hints 


may contain deposits of radioactive 
materials Airborne Geiger counters 
have located radioactive anomalies in 
the area Such radioactivity, however, 
may be caused by materials such as 
thorium which are of little interest in 
the present atomic energy program, and 
do not necessarily indicate the presence 
of uranium in quantity worth mining 

The details of the series of flights 
made over northern Michigan by the 
Geological Survey's specially equipped 
plane are contained in a joint report 
by F. W. Stead. F. J. Davis, R. A. Nelson, 
and P. W. Reinhardt. Stead and Nelson 
are members of the Survey Davis and 
Reinhardt are from the Oak Ridge Na- 
tional Laboratory Accompanying the 
report is a detailed map showing the 
approximate location of the anomalies 
in an area of about 1,600 square miles 
The work was accomplished during May 
and June as part of a cooperative pro- 
gram with the U. S. Atomic Energy Com- 
mission 

The plane used was a Douglas DC- 
3A. A total of 60 hours flying time was 
required to make the Michigan studies, 
of which 46 hours were spent in actual 
surveying All traverses were flown 
north and south at approximately 500 
feet above the ground at quarter-mile 
intervals. Aerial photographs were used 
for pilot guidance and the flight path 
of the aircraft was recorded by a gyro- 
stabilized, continuous-strip-film camera 

The technique of airborne prospecting 
for uranium, still in the experimental 
stage, has in large part incorporated the 
pioneering development by the Geo- 
logical Survey and Naval Ordnance 
Laboratory of aeromagnetic surveying 
In this prior work, establishing the true 
position of the plane in relation to 
ground points was an important con- 
tribution to airborne radioactivity § sur- 
veying 


Survey 

The search for radioactive anomalies 
employs 19 Geiger counters in parallel 
arrangement. The hard component of 


cosmic radiation is reduced by a special 
circuit and by arranging the counter 
tubes in hexagonal bundles In this 
way the back-ground noise due to cosmic 
radiation is much diminished, and 
gamma radiation from ground sources 
can be measured more accurately 
Flying at 500 feet above the ground, 
the width of the zone from which the 
radioactivity is measured is at least 
1,400 feet, the authors point out, Thus, 
if the flight paths of the plane are 
1,320-foot 
intervals, the entire area should be 


spaced at quarter-mile or 


covered adequately by the airborne radio- 
activity survey They explain, however, 
that small areas of considerable radio- 
activity might lie unnoticed midway be- 
tween two flight paths 

The approximate location of each 
radioactivity anomaly is shown on the 
accompanying map as a colored dot, 
but the true position may be in error 
by as much as a quarter of a mile, This 
is caused for the most part by local 
errors of that size in the available base 
maps, and by blank areas up to 25 
square miles in which it was impossible 
to find and plot recognizable positions. 
This section of Michigan is extremely 
rugged and wild 

Copies of the map with explanatory 
text are available without cost by ad- 
dressing a request to the Director, U. S. 
Geological Survey, Washington 25, D. C. 





COVER PHOTO 


Small boat measurement of the sedi- 
ment bed depth in the upper end of 
Lake Mead is the subject of this month’s 
cover photo. See Sedimentation Studies 
at Lake Mead, by Herbert B. Nichols, 
pp. 13-22. 
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CURRENT STATUS OF 
ATOMIC RAW MATERIALS 


ROBERT J. WRIGHT 
U. S. ATOMIC ENERGY COMMISSION 


PART II OF A TWO-PART ARTICLE 


New Pitchblende Discoveries 


When prospecting for uranium 
became active in this country, it 
was natural that a promising line 
of attack was to look for geologic 
associations that would most near- 
ly resemble those of the great 
uranium deposits abroad. Un- 
fortunately, there has not accu- 
mulated the body of geologic 
knowledge about pitchblende de- 
posits that has grown, over years 
of experience, for other metals. 
The pitchblende producing areas 
of the world are few and widely 
scattered over the globe. Much 
of the mining was done _ behind 
the cloak of commercial or govern- 
mental secrecy. However, the 
present attention given to atomic 
raw materials has stimulated re- 
search and thought about the 
problems of uranium geology and, 
as a result, scientific intelligence 
about these deposits is slowly 
growing. 

From our present knowledge 
about pitchblende veins, it is pos- 
sible to make certain generaliza- 
tions about the geologic environ- 
ment which holds true for most of 
the world’s leading uranium pro- 
ducers. At the moment these 
relationships are little more than 
rough rules-of-thumb which, no 
doubt, will require revision in the 
light of later knowledge, and in 
most cases the underlying geologic 


and geochemical explanations are 
obscure. 

First, a large proportion of the 
deposits are in pre-Cambrian sedi- 
mentary rocks or their meta- 
morphic equivalents. 


Second, the ores are usually 
complex mineralogically and co- 
balt, nickel, and silver minerals are 
commonly associated with the 
pitchblende. As we have noted 
earlier, however, some of the ore 
in the Lake Athabaska area is 
an exception to this rule. 


Third, the gangue minerals of 
the veins are primarily carbonates, 
together with quartz. 


Fourth, on the basis of para- 
genesis the mineralization appears 
to have occurred in the medium 
to high temperature range. 


Fifth, the veins commonly form 
in tension fractures. 


Sixth, associated igneous rocks 
are primarily granitic. 


Seventh, hematitic alteration of 
the wall rock and/or the gangue 
minerals is common. 


These, then, are some of the 
geologic guides which have proved 
of value in scientific prospecting 
for uranium veins. The use of 
these guides has resulted in the 
discovery of pitchblende at several 
mines in our western states. These 
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CHARACTERISTICS OF PITCHBLENDE DEPOSITS 


+ 
Erzgebirge 
district, 
>zechoslovakia 
1. In pre-Cambrian sedi- 
mentary or metamorphic 
rocks X 
2. Associated Co, Ni, Ag 
minerals X 
3. Carbonate gangue minerals X 
4. Temperature range med. 
5. Fissure filling X 
6. Associated with granites X 


7. Hematitic wall rock altera- 
tion xX 


discoveries have been made by ex- 
amination, with Geiger counter, 
of ore deposits which appeared 
favorable on the basis of geology. 

One discovery, which at the time 
received considerable publicity, 
was made in 1945 at the abandon- 
ed Caribou mine. The Caribou 
mine is in the Colorado Front 
Range and it had been one of the 
oldest and richest silver producers 
in the state. The mine is located 
a few miles west of Nederland in 
Boulder County. Small amounts 
of pitchblende had been produced 
at several mines in the Central 
City district to the southeast 
during operations half a century 
ago. The fact that high grade 
silver veins occur not far from a 
district where pitchblende mineral- 
ization was known suggested an 
area Of promise. G. C. Ridland, 
who had _ been _ systematically 
checking old mine dumps with a 
Geiger counter, first discovered 
pitchblende during an examination 
of the Caribou dumps. A portion 
of the dump proved radioactive, 
and it developed that this material 
had been brought to the surface 
during the last years of mine 
operation. This work had taken 


Shinkolobwe Great Bear Lake 
Belgian Lake Athabaska, 
Congo Canada Canada 

xX X xX 
X X xX 
X xX xX 

high high 
X X xX 
? xX xX 
X xX 


place in the deepest portion of the 
mine, the 1040-foot level. 

To determine the uranium 
potentialities of the mine the work- 
ings were rehabilitated in 1948. 
A radiometric reconnaissance of 
the 1040 level indicated abnor- 
mally high radioactivity and pitch- 
blende was found in a silver-lead- 
zine vein. Underground explora- 
tion is now in progress and only 
time will indicate the significance 
of the discovery. 

Another similar discovery of 
pitchblende was made last summer 
during a reconnaissance of the 
Coeur d’Alene district, Idaho, by 
E. E. Thurlow of the Atomic 
Energy Commission. The Coeur 
d’Alene district was selected for 
examination because of several 
favorable geologic features: cobalt 
occurs in trace amounts within 
the ore; silver is an important 
product; the ore bodies form 
largely within the sedimentary 
rocks of the pre-Cambrian Belt 
series; and the nearby igneous 
rocks are granites of the Idaho 
batholith. A Geiger counter re- 
connaissance of mill products, 
mine dumps, and underground 
workings was undertaken. It was 
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found that portions of the lower 
workings of the Sunshine mine 
were radioactive and pitchblende 
bearing veinlets were located. 
Shortly thereafter pitchblende was 
also found in the Coeur d’Alene 
mine. 

Like the Caribou deposit, the 
known radioactive portions of the 
Sunshine deposit are exposed in 
the lower mine workings. The 
pitchblende occurs not within the 
ma.n Sunshine vein but instead 
in closely related veinlets in the 
wall rock. There seems tod be 
particular preference for the north, 
or footwall, side of the vein. The 
paragenesis of the Sunshine ore 
indicates that the pitchblende is 
among the latest and _ lowest 
temperature vein minerals. This 
contrasts with the ores of Great 
Bear Lake and other deposits 
where pitchblende is one of the 
earliest, high temperature miner- 
als. 

The disc series of uranium in 
these two mines indicate that 
pitchblende may be present in ore 
deposits which have not previously 
been known to carry radioactive 
minerals. We expect that further 
finds of this type will be made. It 
is not particularly surprising that 
uranium minerals may remain un- 
recognized during years of mining 
operation, because in most cases 
the pitchblende forms only a small 
portion of the ore and is not 
usually distinctive in hand speci- 
mens. As ae rule, radioactive 
material can be detected only 
through use of portable Geiger 
counters. Any vein deposit having 
some of the geologic character- 


istics mentioned before should 
therefore be checked with a 
counter, 


Deposits of Secondary 
Uranium Minerals 


A second significant trend in 
our exploration for new uranium 


deposits is the increasing attention 
being given to surface outcrops of 
secondary uranium minerals. 


Deposits of this kind are found 
at various places in this country 
and abroad. The uranium miner- 
als involved are varied, but the 
most common representatives are 
the hydrous uranium phosphates, 
autinite and torbernite, the hy- 
drous uranium oxide, uranophane, 
and the hydrous uranium carbon- 
ate, schroekingerite. Many of these 
minerals are bright yellow, orange, 
and green and are earthy or flaky 
in appearance. In most places, 
they are concentrated along struc- 
tures such as fissures, veins, and 
dikes, but elsewhere they may 
have widespread distribution with 
little structural control. Here is 
involved a neat point of geologic 
interpretation. These are the 
twin horns of this dilemma: do 
the secondary minerals represent 
the surface weathering of a vein 
containing primary pitchblende or, 
on the other hand, do the second- 
ary minerals represent a concen- 
tration of the uranium normally 
contained, in very small amounts, 
in all rocks. 

If pitchblende is present in a 
vein, we would normally expect 
to find hydrous secondary uranium 
minerals at the weathered outcrop. 
In this case the surface minerals 
— the uranium “gossan,” we 
might say — would indicate a 
primary vein deposit at depth. On 
the other hand, all rocks contain 
trace amounts of uranium. It is 
known that the uranyl ion is quite 
soluble, particularly in slightly 
acid waters, so that the uranium 
in rocks is subject to solution and 
redistributed by ground water. In 
this way secondary uranium 
minerals may be deposited along 
fissures, shear zones, dikes, or 
other structures which influence 
the flow of ground water. Such 
secondary deposition should be 
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Cross-section of the White Signal district, N. M., showing the pre-Cambrian granite 
cut by a complex series of monzonite, diabase and felsite dikes, as well as steeply 
dipping faults. Nearly all the concentrations of uranium minerals are distributed along 
the margins of the diabase dikes and the faults. Courtesy of U. S, Atomic Energy 


Commission. 


particularly common in rocks with 
higher than normal radioactivity 
— granites, for example. Most 
granites have been reported to 
contain ten or more times the 
average amount of uranium found 
in the earth’s crust. Furthermore, 
it has been shown by P. M. Hurley, 
Massachusetts Institute of Tech- 
nology, that much of the uranium 
in granite is contained in a form 
that is readily available to ground 
water. Instead of being limited to 


radioactive minerals 
much of the radioactivity stems 
from thin coatings of radioactive 
salts on the surface of mineral 
grains. Experiments have shown 
that in less than 24 hours dilute 
hydrochloric acid removes up to 
90°° of the radioactivity associated 
with some granites. On two 
counts, then, granites are espe- 
cially favorable rocks for the 
development of secondary uranium 
minerals, and, as we have seen 


accessory 
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earlier, granites are also favor- 
able for the development of 
primary uranium veins. So the 
problems of geologic interpreta- 
tion may be especially acute in 
granitic terrain. 

Marysvale is a small town in the 
southern part of Utah which is 
currently undergoing a uranium 
boom. The excitement here is due 
to the fact that recently discovered 
secondary uranium ores are being 
mined and sold. The main ura- 
nium mineral is autunite with 
smaller amounts of schroekinger- 
ite, and the other minerals include 
smithsonite, pyrite, quartz, opal, 
fluorite, and calcite. The deposits 
are found in hydrothermally alter- 
ed portions of a quartz monzonite 
stock. In some places the ore 
forms along well marked fracture 
systems, but elsewhere the altera- 
tion and fracturing is widespread 
with no distinct trend. 

Most of the exploration to date 
has been done at the surface and 
the ore has been shipped from 
open pit operations. However, 
Vanadium Corporation of America 
has done a small amount of under- 
ground exploration and_ these 
workings have cut pitchblende- 
bearing veinlets at a depth of 
about seventy feet below the sur- 
face. This work has established 
that at least some of the secondary 
minerals mined at the surface are 
derived by the weathering of 
primary pitchblende. Thus there 
appears to be a good possibility 
that the secondary ores may give 
way in depth to primary uranium 
deposits. 

A comparable relationship has 
been established in certain ura- 
nium deposits of Portugal. Here 
mineralization is controlled by 
northeast trending fissure zones in 
granite. At the surface the fissures 
carry autunite, metatorbernite, 
and uranophane, along with red 
jasper, quartz, and some relics of 


weathered pyrite. Weathering is 
intense in the arid climate of this 
part of Portugal, and the veins are 
leached and oxidized to a consider- 
able depth. Exploration has shown 
that below fifty meters some of 
the veins carry pitchblende, and 
these primary deposits are now 
producing uranium ore. 

At Marysvale and in Portugal 
underground exploration has de- 
monstrated that the secondary 
uranium mineralization at the 
surface has primary roots in depth. 
There are similar-appearing de- 
posits elsewhere in this country 
and abroad. Most, however, have 
not had the benefit of underground 
exploration, and the origin of 
these is still problematical. 

Such an area is the White Signal 
district in New Mexico. The pres- 
ence of secondary uranium miner- 
als here has been known for many 
years, and several decades ago 
efforts were made to mine radium 
ore here but these proved com- 
mercially unsuccessful. 

The country rock in the White 
Signal district is pre-Cambrian 
granite cut by a complex series of 
monzonite, diabase and _ felsite 
dikes, as well as steeply dipping 
faults. Nearly all the concentra- 
tions of uranium minerals — 
torbernite, metatorbernite, and 
autunite are distributed along 
the margins of diabase dikes and 
along faults. Geologists who have 
studied the area have divided 
opinions about the deposits. On 
one hand, there are those who 
believe that the autunite and tor- 
bernite were formed by the reac- 
tion of uranium-bearing solutions 
derived from the granite with 
phosphatic solutions derived from 
the diabase. As such the uranium 
mineralization is solely a near- 
surface phenomenon. The alter- 
native interpretation, held by other 
geologists, is that the secondary 
uranium phosphates are the sur- 
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The three major radioactive shale and phosphate deposits in the United States are 
the Phosphoria formation of the western states, the Chattanooga shale of the east- 
central states, and the Florida phosphate field, Courtesy of the U. S. Atomic Energy 


Commission. 


face expression of weathered 
pitchblende-bearing veins. As such 
there may be primary ores in 
depth. There the question now 
lies. Its solution will await the 
exploration of the mineralized 
zones below the zone of oxidation 
by diamond drilling or under- 
ground exploration. 


Uranium in Sedimentary 
Rocks 


The third recent trend which ] 
would like to mention is the at- 
tention being given to sedimentary 
rocks as possible uranium re- 
serves. 

The world’s uranium supply now 
comes from high grade, compara- 
tively small deposits, that is, from 
pitchblende veins and carnotite 
ores containing more than 0.2% 
uranium. These deposits all have 
finite lives. It is impossible to 
predict how long the high grade 


reserves of uranium will hold out, 
because the rate of exhaustion 
depends on varied factors, many 
of which are unpredictable. But 
judging from past experience with 
other metals we might expect that 
as rich deposits become depleted 
and the rate of new discovery 
declines, more and more attention 
will be devoted to low grade, large 
scale reserves. 

It has been known for many 
years that some _ sedimentary 
rocks contain significant amounts 
of uranium. Portions of the alum 
shales of Sweden have been re- 
ported to carry as much as 0.5% 
uranium. Newspaper reports 
during the past few years indicate 
that Sweden and possibly Russia 
are recovering uranium from oil 
shales. What are we in the United 
States doing about these deposits? 

For several years the U. S. Geo- 
logical Survey, on behalf of the 
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URANIUM CONTENT OF ROCKS 


Material Uranium Content 


Pitchblende mineral 80 or more 
Pitchblende ore variable 
Carnotite ore 0.2 
Phosphorite 0.0x 
Black Shale up to 0.0x 

0 Ox 
Marine sandstone to 

0.000x 
Limestone 0.000x 
Average of earth’s crust 0.0005 


Sea Water 0.0000002 


Atomic Energy Commission, has 
been evaluating our sedimentary 
rocks as possible uranium re- 
sources. The work of the Survey 
indicates that two rock types, in 
particular, contain abnormally 
high concentrations of uranium. 
These are: first, marine black 
shales and, second, marine phos- 
phates. The _ radioactive black 
shales are of the bituminous type, 
from which oil can be distilled, 
rather than the carbonaceous or 
coaly shales. The shales with high 
uranium values are also charac- 
terized by scattered pyrite and 
marcasite. 

In passing we:might note the 
inverse relation between the ura- 
nium content and the carbonate 
content of rocks. As indicated in 
that table most limestones are low 
in radioactivity. In the phosphor- 
ites and black shales, too, the limy 
beds contain less uranium. I! 
mentioned earlier in noting the 
characteristics of uranium veins 
that limestones rarely provide 
favorable host rocks for these 
deposits. And in the ores of the 
Sunshine mine in Jdaho siderite 
is the most abundant gangue 
mineral, yet the pitchblende forms 
almost exclusively in quartz and 
avoids the siderite. This associa- 


tion is particularly striking on a 
microscopic scale. This antipathy 
of uranium for carbonate rocks 
undoubtedly results from the fact 
that the uranyl ion has high 
solubility in solutions containing 
carbonate ions. Hence, precipita- 
tion of uranium from. solutions 
does not take place readily in a 
chemical environment with a high 
concentration of carbonate. 

Deposits of radioactive black 
shales and phosphates are fairly 
common in this country. Among 
the black shales, the Chattanooga 
shale of east-central United States, 
and its equivalents in the mid- 
continent area, has received most 
attention to date. Our uranium- 
bearing phosphates are in two 
widely separated areas: the land 
pebble field of Florida and the 
deposits in the Phosphoria forma- 
tion of the western states. Both 
of these areas are now producing 
phosphate for fertilizer, and there 
is a possibility of obtaining ura- 
nium as a by-product. 

The utilization of these reserves 
is perhaps more an engineering 
than a geological problem. The 
geologist can promise large re- 
serves of these low grade uranium- 
bearing rocks; can the chemist 
develop methods of profitably ex- 
tracting the marketable products? 
Given a_ radioactive phosphate 
rock: can mining, milling, and 
refining methods be devised so 
that the phosphate, the uranium, 
and other products can be extrac- 
ted at a profit? Given a carbon- 
aceous black shale: is it possible 
to extract the oil, the uranium, 
and other marketable products at 
a profit? This is indeed a chal- 
lenging problem for _ industrial 
science. In processing these low 
grade resources we might well be 
guided by the meat processing 
industry which boasts that it pro- 
cesses and sells everything 
but the squeal. 
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Conclusions 


To sum up briefly I have noted 
several recent developments which 
promise to improve our available 
resources of atomic raw materials: 

First. Recent Canadian discover- 
ies of primary uranium ores point 
to increasing production § there. 

Second. New discoveries’ of 
pitchblende in mines of this coun- 
try suggest that uranium ores may 
be discovered in other untested 
mines. 

Third. In two localities it has 
been demonstrated that secondary 
uranium minerals are the surface 
expression of primary uranium 
veins. Similar mineralization else- 
where may prove a lead to new 
ore bodies. 

Fourth. Reserves of uranium- 
bearing sedimentary rocks in the 





United States are being appraised, 
and research of the utilization of 
these ores may prove a key to 
uranium production from _ these 
sources. 

The results of our exploration 
work to date are encouraging but 
‘ach new development raises its 
own peculiar problems. These 
problems fall not within a single 
field but touch upon the work of 
the geologist, the engineer, the 
chemist, the physicist, the indus- 
trial scientist. Here are problems 
that challenge all of us, and our 
own security and welfare may 
depend on how ably we meet the 
challenge. 

{This article was presented before the 
Mining Branch of the Southern Cali- 
fornia Section of the American Institute 
of Mining & Metallurgical Engineers in 


{ 


os Angeles, Calif., June 14, 1950.) 





Mineral Resources of 


WASHINGTON, July 19 Data con- 
cerning 29 mineral commodities of the 
Republic of Colombia gathered by U. S 
geologists and engineers have been pub- 
lished as U. S. Geological Survey Bul- 
letin 964-B. Author of the “Mineral Re- 
sources of Colombia (other than Petro- 
leum)” is Quentin D. Singewald, Survey 
geologist and director of the data- 
collecting project which began in Aug 
1942 under the Foreign Economic Ad- 
ministration The mission was mainly 
interested in strategic minerals, neces- 
sary at that time to the war effort 


Petroleum resources were not surveyed 


Colombia is dominantly an agricultural 
country, but precious metals, emeralds, 
and petroleum are important export 
commodities. An excellent start has been 
made, the report says, in producing 
minerals and manufactured goods for 
the domestic market. 

Emeralds, gold, platinum and _ silver 
are among the leading minerals produced 
mainly for export, while barite, cement, 


Colombia Appraised 


clay, coal, gypsum, salt, sand and gravel, 
silica and stone are mainly for the 
domestic market A large number of 
other mineral commodities are listed as 
“raw” prospects, some of which may 
eventually become productive A few 
commodities such as antimony, abestos, 
iron ore, 


mercury and _ sulfur have 


been produced in insignificant to small 
quantities 

Gold and emeralds are perhaps the 
two exported commodities for which 
Colombia has been most famous since 
the days of early Spanish exploration. 
Since 1537 nearly a billion dollars worth 
of gold has been mined in Colombia 
and the report discusses individually, the 
leading mines in each area. More than 
150 occurrences of emeralds have been 
reported, but apparently only three 
Muzo, Cosquez and Chivor (Somondoco) 
The Muza 
mines have been consistently outstand- 


have attained importance 


ing; worked intermittently they have 
produced more than $1,000,000 worth 
of gem stones during some years. 
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Barite deposits have been exploited 
in Huila, Norte de Santander, Santander, 
and Tolima, and promising deposits 
have been discovered in Magdalena. The 
demand for barite, chiefly for oil-well 
drilling, is expected to increase 


Cement was produced in 1945 by six 


plants, owned by five companies, The 
daily output was worth approximately 
$66,000, American currency. More can 


be used, hence five plants intended to 
expand capacity and two new plants 
will be built 

The total output of coal for Colombia 
during 1944 amounted to some 595,000 
metric tons, valued at about $2,700,000. 
The coal ranges from a sub-bituminous 
to bituminous and locally will yield a 
low-grade coke. 

Copper deposits are widespread, but 
probably not a_ single outcrop offers 
reasonable hope, if explored, of leading 
into a large, commercially valuable body 

Iron ore has not been discovered in 
sizable deposits of superior grade. The 
most promising are those of Paz del 
Rio, Boyaca 

Lead prospects have been reported 
in six areas but only two in Santander 
and one in Caldas merit consideration 
as possible sources of ore for the do- 
mestic market None seems promising 
as a source of ore for export. 

Mica of excellent quality, both musco- 
vite and phlogopite,,may be procured in 
many places 

Molybdenum prospects are scattered 
through six areas notably in Tolima, 

Platinum is mined from placer de- 
posits in the Choco where it is associ- 
ated with gold, 


Salt is derived in Colombia from rock 
salt mines, saline springs, and marine 
salinas 

Silica for the manufacture of glass 
at factories in Antioquia, Caldas, and 
Cundinamarca is procured mainly from 
sandstones of Upper Cretaceous and 
Eocene age 


Silver is mined only as a_ byproduct 
of gold 


Sulfur occurs in very small deposits, 
formed by fumaroles and springs in 
proximity to volcanoes of recent age. 
The deposits have been exploited only 
to a very small degree; apparently they 
contain no substantial reserves. 

Zine prospects are scattered mainly 
in Caldas, Cundinamarca and Tolima. 


During World War II, quartz crystals 
were procured from Boyaca, Antioquia, 
and several other departmentos. Some 
2,430 pounds were shipped, of which 
1503 pounds, valued at $7,870, was 
accepted. The crystals were generally 
derived from small lodes by under- 
ground mining and the cost of produc- 
tion greatly exceeded the value of the 
crystals. 

The locations of the various mineral 
deposits reported on by Mr. Singewald 
have been plotted on 9 plates using 
a base generalized from an American 
Geographical Society map. These are 
contained in a pocket attached to the 
back cover. 

The report states that transportation 
costs are excessively high in Colombia 
which retards mining and manufactur- 
ing for export but automatically protects 
mines and factories that produce for 
local markets. 


“Although airplane service is avail- 
able between a number of points in- 
cluding several of the mines,” accord- 
ing to the report, “the main arteries of 
travel are the railroads, the highways, 
and the lower courses of several large 
rivers, Railroads and highways are cost- 
ly to build and, during the rainy season, 
difficult to maintain.” 


The author explains that neither a 
satisfactory account of the general 
geology of Colombia nor an adequate 
setting for local geologic details at 
specific prospects could be given, be- 
cause many of even the salient features 
remain undeciphered. Nevertheless, the 
present work does provide a _ synthesis 
of published information particularly 
valuable as a background for mining 
men interested in the geologic features. 





its 


THE EARTH SCIENCE DIGEST 





Earth Science Abstracts 


[Selected articles on the earth sciences, appearing in current scientific 
publications, are abstracted here for the convenience of our readers.] 


ASTROCHEMICAL PROBLEMS IN THE 
FORMATION OF THE EARTH, Wendell 
M. Latimer. Science, Vol, 112, No. 2900 
(July 28, 1950), pp. 101-104. It is as- 
sumed that the earth was formed 
by the condensation of a cold cosmic 
cloud, separating the solid particles 
present from the gaseous excess and 
bringing them together to form the 
earth in its initial state: a central 
core of iron (with about 8 nickel), 
surrounded by a mantle of magnesium 
and iron meta- and _ orthosilicates, 
and an outer layer of basalt No 
surface water, atmosphere, or granite 
masses (continents) were present in 
the initial stages. 

* 

GLACIATIONS IN LITTLE COTTON- 
WOOD CANYON, UTAH tonald L 
Ives. Sci. Monthly, Vol. 71, No. 2 (Aug 
1950), pp. 105-117 A discussion of 
the early Cambrian (7?) glaciation, 
Pleistocene glaciation, postglacial 
features, and datings and correlations 
with the glacial stages in the Monarch 
Valley, Colo., and adjacent areas. 

* 

FLOW OF HEAT IN THE FRONT RANGE, 
COLORADO. Francis Birch. Bull. Geol. 
Soc. Am., Vol. 61, No. 6 (June 1950), 
pp. 567-630. The flow of heat at the 
Alva B. Adams Tunnel under Rocky 
Mountain National Park, Colo., is com- 

puted as between 16 and 1.9 

microcal/cm2.sec, with a “best value” 

of 1.7 microcal /cm2.sec, differing signifi- 

cantly from the best values for a 

“normal” sea-level crust, which fall 

close to 1.1 microcal/cm2.sec This 

difference of heat flow may be ac- 
counted for in terms of mountain roots 
having a mean radioactivity of the 
same order as that of granites or 


intermediate rocks. It is consistent 


with Airy’s conception of mountain 
roots and with an approximately uni- 
form’ distribution of radioactivity 
throughout the “granitic” layer. Other 
possible explanations for this high 
flow of heat are: (1) mechanical 
compression; (2) initial heat of a non- 
radioactive root; (3) subcrustal cur- 
rents; (4) intrusion of magma. Cor- 
rections have been applied for the 
topography on several different hypo- 
theses regarding the physiographic 


history 





Water Resources 
JUNE 1950 

Stream flow in the Pacific Northwest 
was sustained at high levels during 
June, but extraordinary floods did not 
occur Apparently most streams have 
passed their seasonal peaks and _ in- 
sufficient snow remains to cause con- 
cern for large floods from the source 

Winnipeg River reached a record-high 
stage and runoff continues high in the 
Minnesota region as most streams re- 
ceded slowly from the record floods of 
April and May 

Local floods of record-breaking size 
occurred in small drainage basins from 
Pennsylvania to Nebraska. The flood on 
West Fork River in West Virginia ex- 
ceeded the 1888 maximum 

Although runoff for June was well 
above normal along much of the Atlantic 
slope, end-of-month flows were gener- 
ally below normal. Deficient runoff con- 
tinued in Nova Scotia with a new low 
record for June in St, Mary River 

Drought conditions continue in the 
Southwest 

Ground-water levels declined season- 
ally where there was heavy pumping for 
air conditioning 

— WATER RESOURCES REVIEW 
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SEDIMENTATION STUDIES 
AT LAKE MEAD 


HERBERT B. NICHOLS 
U. S. Geological Survey 


Determination of the useful life 
of Lake Mead, the large artificial 
lake behind Hoover Dam, on the 
Colorado River, under circum- 
stances now prevailing, involved 
many avenues of scientific invest- 
igation and engineering skills to 
arrive at a realistic conclusion. 
The result has been the comple- 
tion of one of the most carefully 
planned scientific studies of an 
area with the physical and 
chemical forces at work, that has 
ever been accomplished. 

The work was done at the 
request of the U. S. Bureau of 
Reclamation by scientists of the 
U. S. Geological Survey, aided 
materially with equipment, person- 
nel, and special techniques of the 
Navy Department. In addition, 
valuable assistance was generously 
given by scientists of other govern- 
ment bureaus together with ex- 
perts from sever4l universities and 
institutions of higher learning. 
Two vears were required to plan 
the operations, assemble equip- 
ment, gather comprehensive data, 
and accomplish the _ required 
interpretations. The results have 
been most heartening, for it is now 
known that, whenever effort is 
expended to take the salt and silt- 
laden pulse of any stream, know- 
ledge can supplant ‘“‘guesstima- 
tion.” The data gathered will 
doubtless influence engineering 
and construction practices for 
generations to come. 

Such a combination of skills in 
many branches of science has 


seldom before been combined for 
the solution of such a problem. 
Facts were needed, not only to 
determine how fast Lake Mead 
will accumulate sediment dropped 
by a river whose swiftly moving 
water loses most of its silt load 
when slowed down to lake speed, 
but to find out whether new areas 
of salt-laden rocks now open to 
the chemical action of ground- 
water might spell ruin for lands 
downstream. 

At stake was the government’s 
whole regional administrative pro- 
gram of areal improvements 
whereby water storage, irrigation 
projects, power production, and 
erosion control efforts are today 
combined to open undeveloped 
lands and natural resources to 
pioneers. Can the United States, 
through engineering skill, _ still 
keep such areas as the Colorado, 
Missouri, and Columbia River 
Basins on the asset side of the 
ledger so far as considering them 
potential “new frontiers’? We 
now know the answer is “yes”. 
The principal elements influencing 
the life of at least one great dam. 
and the artificial lake it produced, 
have been carefully examined. 

What were the essential ques- 
tions asked? Primarily, it was 
necessary to find out how much 
mud, silt, and sand had been 
dumped into the Lake since the 
water backed up to spillway level: 
also, how much and what kind of 
salts are now being drawn out of 
the surrounding rocks through 
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LAKE MEAD AND HOOVER DAM. [Bureau of Reclamation photo.] 


chemical action at new ground 
water levels. 

Limnologists of the Survey’s 
Quality of Water Branch at Albu- 
querque, New Mexico, experts in 
the physical and chemical content 
of fresh-water lakes and ponds, 
analyzed hundreds of water 
samples to determine that the 
amount of salts or solids found in 
Lake Mead varied with the loca- 
tion and depth of the collecting 
point as well as with the season. 

They found that the principal 
dissolved solids are silica, and 
salts of calcium, magnesium, 
sodium, potassium. The decrease 
noticed for this body of water 
near the surface of the lake was 
chiefly in calcium and bicarbonate, 
a fact that gives further support 


to the theory that calcium carbon- 
ate is being precipitated during 
storage. 

In order to give utmost meaning 
to such studies as these, it be- 
came quite obvious that the qual- 
itv-of-water studies should be 
continued so as to include not only 
the lake but the feeder streams 
and springs, keeping careful re- 
cords of where and when each 
sample is collected. Obviously, 
more salts will dissolve out of 
the ground and be dumped into 
the lake at some seasons of the 
vear and in some localities than 
in others. 

lIlowever, the staff available and 
the water samples analyzed were 
not sufficient to determine where 
the heaviest waters come from, 
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or what happens to water of vary- 
ing density added to the lake by 
the Colorado. It is certain, how- 
ever, that at some periods water 
with a high concentration in dis- 
solved solids or high in fine sedi- 
ment content flows into the re- 
servoir for considerable distances 
without appreciable mixing. 

The limnological studies under- 
taken exposed as groundless, fears 
expressed during the planning 
stages of Hoover Dam that a salt 
lake might be created because of 
the presence of large beds of 
soluble salts in parts of the re- 
servoir site. Some objections were 
based on the alleged high boron 
content which would be _  detri- 
mental to irrigated areas: others 
on the high fluoride content which 
it was thought might be harmful 
to children using the water for 
drinking purposes. Chemical anal- 
vses show such concentrations to 
be way below the danger level. 


As a vital part of the work, the 
U.S. Navy Electronics Laboratory 
(NEL) was asked to assist in plan- 
ning the study, to furnish special 
oceanographic and other equip- 
ment, and to conduct a study of 
the water circulation in the lake. 
This latter phase was undertaken 
by the Physical Oceanography 
Group of NEL, whose personnel 
worked each month an average 
of 65 stations distributed all over 
Lake Mead. For more than a year 
they gathered data from a small 
boat in all sorts of weather. These 
were the men who collected the 
water samples analyzed by Dr. 
(. S. Howard's laboratory in Albu- 
querque. They also took vertical 
profiles of the temperature dis- 
tribution at each station with the 
bathythermograph, an instrument 
that makes a continuous record of 
the change in temperature with 
depth. The temperature data, with 
the salinity analyses made by Dr. 
Howard's laboratory, were then 


analyzed by the NEL group to 
determine water movement. 

A “water mass’, like the air 
masses whose movements are 
responsible for changing weather 
conditions and storms, has indivi- 
dual characteristics that can be 
measured and identified. Most use- 
ful is the ““T-S relation,” the rela- 
tive temperature and salinity of 
the water mass. By plotting the 
“T-S relation’ at various depths 
at each station in Lake Mead, the 
circulation was determined, show- 
ing that the water in the Lake 
moves in different ways at differ- 
ent seasons. 

In the winter, the cold, relatively 
more saline water of the Colorado 
River is heavier than Lake Mead 
water, and “dives” below the sur- 
face at the head of the lake. It 
flows along the bottom all the 
way down to the lower Basin. 
Meanwhile, surface water moves 
up the lake to replace lake water 
dragged down by the plunging 
river water, so that near the head 
of the lake, water near the sur- 
face actually flows upstream! The 
upstream-flowing water of the 
lake meets the downstream rush- 
ing waters of the Colorado River 
at a definite line, marked by drift- 
wood forming great “boils” of 
turbulent water. 

Contrasting conditions prevail 
during the late spring. The lower 
salinity of the Colorado River 
water makes it lighter than the 
lake water, so that now the river 
water flows downstream on the 
surface, with a return flow up- 
stream along the bottom. 

In addition to studying the cir- 
culation of Lake Mead, the NEL 
group showed that the tempera- 
ture and salinity data could be 
used to advance our knowledge of 
the relationships between the 
atmosphere and water bodies, and 
of the energy exchange that takes 
place between the air and water. 








16 THE EARTH SCIENCE DIGEST 





UNDERWATER METHODS OF INVESTIGATION AT LAKE MEAD 


(Courtesy of the Bureau of Reclamation] 


Another fascinating side of the 
investigations (but a muddy side, 
say those who conducted them) 
were the core studies. Some 1600 
cross-sections of sedimentary 
(mud) layers were obtained, using 
core techniques developed’ by 
oceanographers. In this work a 
long hollow tube about two inches 
in diameter, lined with plastic to 
permit easy handling of the con- 
tents, is plunged into the mud. 
When it is pulled up, it contains a 
complete record of each layer from 
top to bottom. Some cores as 
long as 90 feet were obtained. 

The 1600 cores, collected at the 
rate of about 4 or 5 a day, were 
then split down the middle and 
studied microscopically to deter- 
mine where and what kind of sedi- 
ments are being deposited, how 
fast sediments are collecting at 
various points, and how much 
they weigh. Then combining chem- 
ical and microscopic techniques, it 
was determined about how long 
it would be before such lavers will 
compact or lithify (change to 
rock). As consolidated sediments 
take up less room than uncon- 
solidated, when solidification takes 


place the sediments will occupy 


less space, adding more decades 
to reservoir life. 

Dr. M. G. Leifson of the Navy 
Hydrographic Office explained that 
in order to determine the amount 
of bulk sediment being dropped, 
fathometers were used. Such in- 
struments project sound waves 
downward from a ship’s bottom 
and automatically translate into 
fathoms the length of time it takes 
such waves to hit bottom and be 
reflected back to the instrument. 
With sea-bottoms well charted in 
the vicinity of shipping lanes, a 
navigator can almost feel his way 
along by comparing fathometer 
readings with his chart. 

Carl G. Paulsen, Chief Hydrau- 
lic Engineer of the Geological 
Survey, explains that in building 
a hydrographic survey of Lake 
Mead, the objective was not navi- 
gational information but a deter- 
mination of the volume of. sedi- 
reent and the total capacity of 
the reservoir. Hence this survey 
was reduced to its most elementary 
form: measuring true depths be- 
low a known datum plane and 
fixing the position of such measur- 
ed depths in true relation to a 
reodetic control net on shore 
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This triangulation net was es- 
tablished by geodetic engineers of 
the Geological Survey, and con- 
sists of a series of accurately 
located reference marks around 
the shores of the Lake. These 
are permanent marks, and can be 
used again and again by future 
surveys and investigations. There 
are 307 of the shoreline marks, 
and 26 additional triangulation 
stations were used in the surveys 
needed to tie them to each other 
and to the basic points of the 
Coast and Geodetic Survey in a 
rigidly surveyed network. 

Lt. Carr McCall of the Navy 
sjureau of Ordnance, whose duties 
included care and operation of the 
fathometer, explained that this 
instrument not only tells a navi- 
gator where the bottom lies but 
distinguishes between echoes that 
come back from mud surfaces and 
echoes that have penetrated the 
mud to be reflected by rockbottom. 
Subtracting one from the other 
gives the depth of the mud. As 
it is obviously impractical to 
measure the depth at every point, 
the submarine relief had to be 
deduced from a systematic series 
of depth measurements spaced at 
proper intervals to determine 
slope. 

Before the physical conforma- 
tion of the reservoir could be 
determined, Navy hydrographic 
methods had to be combined with 
topographic mapping methods used 
by survey engineers in making the 
original land maps of the area. 
This meant cross-indoctrination in 
several methods of gaining data. 
Seagoing chart-makers use some- 
what different techniques than did 
the men who worked on land with 
engineer's transits, and in the air 
surveying cameras, to produce the 
original land maps of the reservoir 
site just before it was submerged 
beneath Lake Mead 

Yet both were needed here. On 


the whole, shore and shipborne 
survey crews worked perfectly 
together. They experienced no 
more than the usual difficulties 
one might expect during hours 
when weather is excessively hot 
and humid, or on windy days when 
choppy waves made _ accurate 
surveying impossible. The problem 
of signal visibility was more df- 
ficult too at Lake Mead than would 
be commonly true elsewhere. Ob- 
jects and men viewed from a 
distance tended to blend with the 
mottled gray and light-brown rock, 
sand, and brush comprising most 
of the lake’s shore; and during the 
summer, the shimmering desert 
heat with consequent optical dis- 
tortion further limited clear vision, 

For the most part, shore signals 
erected on the geodetic reference 
marks on which the hydrographic 
survey instruments were focussed, 
consisted of 16-foot masts of 2- 
inch, light iron pipe pointed in 
the middle and guyed with 7 
cables. Each mast supported a 
“skirt’”’ made of 3 triangular sec- 
tions of fabric. White Indian-head 
cloth proved best for visibility and 
also withstood buffeting by heavy 
winds. 

By taking sights to these shore 
signals, the hydrographers out on 
the Lake could locate themselves 
accurately at any time, when 
making soundings, taking samples 
of silt, or making other desired 
observations. However, errors 
were all relatively small and tend- 
ed to be compensating. 

R. W. Davenport, Chief of the 
Survey’s Technical Coordination 
sranch, said that the hydrographic 
survey showed that Lake Mead 
contains 1,423,000 acre-feet of 
sediment, of which 600,000 acre- 
feet is below the dead storage 
level. Silt has been deposited in 
the reservoir at an annual rate of 
105.500 acre-feet since water 
storage was started in 1935. This 
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is extraordinarily close to the 
figure of 105,000 acre-feet in the 
Weymouth report, issued in 1924. 

The total capacity at spillway 
level (gates raised) is now 29.827,- 
000 acre-feet compared with an 
original capacity of 31,250,000 
acre-feet. New area-capacity tables 
have been prepared from. the 
hydrographic survey for use in 
future calculations of the water 
budget and operations of Lake 
Mead, and may be examined in 
offices of the Geological Survey 
at Washington, D. C., and at Tuc- 
son, Arizona. 

Lake Mead is roughly a large 
“yY” in shape with its base at 
Hoover Dam in Black Canyon. 
The north fork is the submerged 
channel of the Virgin River, the 
south fork is the submerged 
Colorado. 

In his outline of the geographic 
and geologic setting of the Lake 
Mead Reservoir, Professor Chester 
R. Longwell of Yale University 
notes that bedrock in the area near 
the lake is highly varied in both 
kind and mode of origin. Rock 
materials of the highlands, he 
says, are generally older and more 
resistant then those flooring the 
basins. In fact a considerable part 
of the material exposed in the 
basins consists of detritus that 
was eroded from the highlands, 
and is still either unconsolidated 
or only moderately turned to rock. 
The oldest bedrock consists of 
banded and micaceous metamor- 
phic rocks (gneisses and schists). 

In considering the tributary 
drainage basin that feeds Lake 
Mead, H. E. Thomas of Salt Lake 
City notes that the water and sedi- 
ment accumulating in the lake 
come from a region that extends 
far beyond the limits of the area 
encompassed by the reservoir 


survey that it includes some 
168,000 square miles or roughly 
fiive percent of the continental 


area of the United States very 
little of which is adapted to 
gracious living in the American 
style because it is so mountainous 
and lacking in moisture. 

Survey geologist Howard R. 
Gould, now at the University of 
Southern California, reports the 
sediment accumulated in the Lake 
from February 1935 to January 
1949 has formed two long deltas. 
One extends from the original head 
of the reservoir to Hoover Dam 
along the former channel of the 
Colorado and the other, much 
smaller, extends south from the 
mouth of the Virgin River. 

With the exception of a small 
amount of sediment contributed at 
four places by slumping of the 
reservoir walls and by the precipi- 
tation of silica and calcium carbon- 
ate (rock-forming materials car- 
ried in solution in the lake water), 
all the sediment of these deltas 
has been supplied by the two 
rivers. 

No important alteration of the 
shore line attributable to wave 
action was observed, according to 
Mr. Gould. He noted a few steep- 
sided headlands of rather loosely 
cemented sand and gravel, subject 
to undercutting and caving along 
the north shore of Boulder Basin 
and on the east shore of Overton 
Arm. Blocks of material have 
sheared away and lie at the base 
of such headlands, but it is not 
known just what part of this disin- 
tegration occurred as a result of 
normal weathering long before 
Lake Mead was formed, and what 
part has occurred since as a result 
of wave cutting. 

At any rate, such areas are 
small. Except for the few gravel 
headlands and the durable rock- 
walled canyons, most of the Lake 
shore is moderately sloped and is 
not subject to serious undercutting 
and caving. 

In addition to the shore proper, 
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The pipette method of mechanical analysis for determining the sizes of the particles 
in a sample of sediment. The larger particles settle out faster, according to a 
known relationship. Aliquots are taken with the pipette at certain fixed times and 
depths, which establish the speed of settling and also show the size. The pipette 
aliquots are then dried and weighed. The weight of each sample is proportional to 
the perc2ntage of material of the particular size. This photo shows a battery of 10 
settling cylinders and pipettes, for turning out analyses in volume. The temperature 
is measured periodically during the run because the speed of settling depends partly 
on the temperature of the suspension. Photo by Wm, S. Russell. 


islands and some submerged peaks 
undergo wave erosion. This is 
quite evident in places, with ten 
to fifty feet of material gone from 
the tops of some prominences. 
Erosion of this nature is most 
marked in Las Vegas Bay, where 
islands and offshore shoal areas 
are encountered with a frequency 
much greater than that common 
to the rest of the lake. 


for Las Vegas Bay must be materi- 


Hence 
the conclusion that any estimate 
of island and shoal erosion made 


ally reduced if it is to serve as an 
index of such changes over the 
entire lake. 

Mr. Gould says further that the 
studies of approximately 1600 
samples collected from the sedi- 
ment deposit provide abundant 
quantitative information on some 
of the fundamental problems of 
sedimentation. For example, 
slightly more than two billion tons 
of sediment have accumulated in 
Lake Mead, and this material now 
occupies about 5 percent of the 
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reservoir storage below the spill- 
way level (1205.4 feet). 

“Perhaps the most _ striking 
feature of the deposit,” he says, 
“is the extreme fineness of its 
particles (largely silt and clay) 
and the virtual absence of coarse 
stream gravel, even in the up- 
stream portions of the deltas ex- 
posed above the mean operating 
level of the lake. The fine texture 
of the material, together with the 
rapid rate of sedimentation, ac- 
counts for the lack of compaction 
of most of the deposit.”’ 

From figures on the rate of sedi- 
mentation, the rate of sediment 
compaction, and the capacity of 
the reservoir for storing sediment 
above the lake level, Geological 
Survey hydrologists computed the 
now generally accepted estimate 
of the time required for the re- 
servoir to become filled with sedi- 
ment, assuming that the rate of 
incoming sediment continues the 
same as at present. 

Plotting the mean elevation of 
the deposits of sand and the finer 
silts and clay as two separate 
curves projected against a back- 
ground of time, it is found that 
they intersect at a point 445 years 
from the date Hoover Dam was 
completed, or at about 2380 A. D. 
That is the approximate year, they 
agree, when silt will have com- 
pletely filled the reservoir, if the 
present rate of sedimentation 
continues. 

Yet this does not mean that it 
will lost its usefulness then, for 
water in motion will always dig 
a channel sufficient to take care 
of its immediate needs. This means 
there will always be “run of the 
river’ water available; than even 
445 years from now the giant 
waterwheel generators will be able 
to run at about 75 percent of pre- 
sent capacity, and that some water 
will be available throughout most 
of the year for irrigation. But be- 





cause by 2380 there may be no 
reservoir of water to draw on in 
February, there can be little water 
at that time to take care of the 
“extra’’ demand early-crop farmers 
have learned to expect. At other 
seasons of the year they will have 
nearly as much water as ever. 

It is, however, desirable to post- 
pone the filling of Lake Mead as 
far into the future as_ possible. 
Hence, engineering plans have 
been proposed whereby distant up- 
stream erosion dams will arrest 
soil movement. Others located 
near the head of the lake might 
provide gates, which in connection 
with tunnels acting as _ siphons, 
would enable the heaviest silt- 
laden waters to be shunted around 
the lake and directly through the 
power-house sluiceways. 

Such control dams and siphon- 
tunnels could extend any reser- 
voir’s usefulness indefinitely. In 
fact, some engineers feel that to 
build only half of such a system 
(as has been the rule thus far) 
is to encroach upon the heritage 
of generations to come to save 
a few dollars now. There is no 
excuse for turning over silt-laden 
reservoirs to our children’s chil- 
dren. 

Reclamation’s hydraulic engi- 
neer Leslie C. Pampel, reporting 
work accomplished in the so-called 
“Lower Granite Gorge’ portion of 
upper Lake Mead (between Bridge 
Canyon and Pierce Ferry) says 
this section is almost completely 
filled with sediment. Comprising 
about 3 percent of the total water 
surface of the lake, it now con- 
tains about one-third of all the 
sediment deposited. 


sJecause of extreme silting here, 
coupled with biological changes in 
the sediment due to the activity 
of low forms of living matters, un- 
usual problems arose. For example, 
great sunken areas caused by gas 
pockets were found in the mud 
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and an attempt was made to deter- 
mine the _ interrelationships be- 
tween changing temperature, de- 
composing organic matter, and 
gas volume. 

However, according to Carl H. 
Oppenheimer and Frederick D. 
Sisler of the Scripps Institution 
of Oceanography at La _ Jolla, 
California, who prepared the re- 
port on “Bacteriology and Bio- 
chemistry of the Lake Mead Sedi- 
ments”: “Although it appears 
quite evident that micro-organisms 
are abundant and active in the 
Lake Mead sediments, much of 
the biochemical change taking 
place can only be determined by 
Observations of the sediments 
over a period of time. In this 
manner, the direction of the 
natural changes taking place may 
be determined.” 

Most of the work accomplished 
by the Scripps representatives was 
done near Hoover Dam itself where 
the high temperature of recently 
precipitated sediments was a prin- 
cipal point of interest. Their report 
leaves little doubt that biochemical 
activity catalyzed by micro-bio- 
logical agents inhabiting the thick 
layer of soft sedimentary material 
have contributed substantially to 
the heating of the mud. 

Yet the extent’ to which this 
affects lake water temperature 
and hence evaporation “cannot 
be estimated,” they conclude, “‘un- 
less all the factors which influence 
the heat budget are evaluated. 
Continued observations over a 
period of time should be made if 
one wishes to predict with any 
measure of success the direction 
and ultimate equilibria of the 
diversified biochemical reactions 
now taking place.” 

Dr. Charles B. Hunt, Chief of 
the Survey’s General Geology 
Branch, points out in summarising 
Lake Mead erosion and sedimenta- 
tion problems, that much more 


study is needed, if we are to avoid 
the waste inherent in visionary 
engineering and reclamation pro- 
grams founded on _ inadequate 
knowledge. 

“We have become quite familiar 
with the sickening sight of fertile 
hillsides being gutted by gullies, 
or of lush floodplains made deso- 
late by arroyo cutting. The fact 
of erosion is accepted and there 
is general agreement too that 
something should be done about 
it. There, however, agreement 
ends, even among the experts. 

“One school blames man for 
erosion. Overgrazing and poor 
farming practices are cited as the 
cause of much if not all of the 
erosion we are witnessing. In sup- 
port of this is the fact that erosion 
in much of the West did not start 
until after the land became used 
for livestock or agriculture. 

“Another school, however, be- 
lieves that man did no more than 
hasten the beginning of a cycle 
that would have started very soon 
even if the land had not been used 
for agriculture or grazing. In sup- 
port of this is the fact that identical 
arroyo cutting and gullying has 
occurred repeatedly during pre- 
historic times when man was not 
here to upset the balance. 

“An intensive research by a 
considerable variety of specialists 
is needed,” he concludes, “review- 
ing the three principal disciplines 
utilized for annroaching such 
problems: (1) historical or strati- 
graphic method, (2) statistical or 
geographic method, and (3) ex- 
perimental method. 

“The historical or stratigraphic 
method”, he explains, “seeks to 
solve problems by developing a 
chronology of past events which 
may disclose relationships between 
causes and effects and further 
uncover natural laws that have 
controlled the processes in the 
past. The statistical or geographic 
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method seeks to solve problems by 
classifying, mapping and plotting 
the effects of present-day erosion, 
and the distribution of deposits 
now being formed. The experi- 
mental method seeks to learn the 
relationship between causes and 


effects by reproducing the proces- 
ses under controlled conditions 
and observing the effects of varia- 
tions in the conditions. 

“In erosion and sedimentation 
work, all three methods are need- 
ed.”’ 





Opportunities For Lecturing and Research 


Abroad Under the 


WASHINGTON, July 24 Ap- 
proximately 300 awards for United 
States citizens to serve as visiting 
lecturers or to engage in research 
in institutions of higher learning 
abroad during the academic year 
1951-52 have been announced by 
the Department of State under the 
provisions of Public Law 584 (79th 
Congress), the Fulbright Act. 

Many of the awards are open to 
applicants in the fields of geo- 
graphy and geology. Countries 
now participating in the program 
are Australia, Belgium - Luxem- 
bourg (including the Belgian 
Congo), Burma, Egypt, France, 
Greece, India, Iran, Italy, Nether- 
lands, New Zealand, Norway, the 
Philippines, Turkey, and_ the 
United Kingdom, including the 
British Colonial Dependencies. 

In addition to the large number 
of awards offered without speci- 
fication of subject or sponsoring 
institution, attention is called to 
the following specific opportun- 
ities in geography and geology and 
related fields at certain designated 
institutions abroad. 


Burma 


Geology: Burma offers unusual 
opportunities for research in geol- 
ogy because of its wealth of miner- 
al resources and its interesting 
structural features. The visiting 
scholar in geology would be at- 
tached to the University of Ran- 


Fulbright Program 


goon, Which is especially interested 
in sponsoring a specialist in strati- 
graphy, paleontology, or economic 
geology. Applicants should note 
that the academic year begins in 
Burma in late June and ends in 
March. The successful candidate 
should also be prepared to give 
invitational lectures in his field of 
specialization. 


Egypt 
Paleontology: Farouk I Univer- 
sity in Alexandria has expressed 
an interest in receiving a visiting 
lecturer in this subject. Additional 
details regarding this opportunity 
are expected in the near future. 


Netherlands 


Geology: Although no particular 
aspect of the subject is given pre- 
ference, geology is among the 
subjects in which a visiting lec- 
turer would be welcomed at the 
University of Utrecht. 


Norway 


Geography, Geology, Mineral- 
ogy: The University of Oslo has 
included these subjects among 
those in which it offers the great- 
est opportunities to American re- 
search scholars. 


New Zealand 


Offshore Sedimentation: The 
Museum Association of New Zea- 











land has proposed that an Amer- 
ican scholar participate in an 
investigation into the origin and 
distribution of the sediments at 
present forming on the continental 
shelf around New Zealand. In 
addition to its general geologic 
importance, this project has sig- 
nificance for determination of the 
horizons and extent of coal and 
limestone deposits. 

Oceanography: The Museum 
Association of New Zealand is also 
interested in sponsoring research 
in oceanography as a part of the 
Pacific-wide program of oceano- 
graphic research recommended by 
the seventh Pacific Science Con- 
Although a specialist in 
marine biology or an experienced 
director of oceanographic research 
would find more of interest in the 
way of current research in New 
Zealand, the opportunity is also 
open to a specialist in the physio- 
chemical, meteorological or physi- 
ographic aspects of oceanography. 

Geophysics: The Department of 
Scientific and Industrial Research 
offers an opportunity to an Amer- 
ican geophysicist with a_ back- 
ground in engineering to collabor- 
ate with a team of New Zealand 
scientists on investigations of the 
Rotorua Thermal Area. The geo- 
physical section will carry out 
gravimetric, electrical, airborne 
magnetometer and seismic sur- 
veys, and investigations into dril- 
ling and thermal conductivity and 
specific heat of rocks. 


gress. 


[NOTE: As the number of awards 
available for research in New Zealand 
is limited to three and as these are 
open to applicants in other fields as 
well as to applicants in geology, it 
should be kept in mind that an award 
may not be made in connection with 
each of the projects listed above, al- 
though all applications will be carefully 
considered. It should also be noted that 
the academic year in New Zealand 
begins in March and ends in December. ] 
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Philippines 

Economic Geography: Although 
not on its priority list, economic 
geography has been included by 
the University of Philippines in 
the list of alternative subjects in 
which a visiting lecturer from the 
United States is desired. The 
academic year in the Philippines 
begins in late June and ends in 
March. 


United Kingdom 


Most of the awards available for 
lecturing and research in the 
United Kingdom are offered with- 
out specification of subject or 
receiving institution. The follow- 
ing universities or university col- 
leges, however, have indicated an 
interest in receiving American 
lecturers or research scholars in 
geography: Aberdeen, Bristol, 
Cambridge, Edinburg, Liverpool, 
London, Nottingham, St. Andrew, 
Sheffield, Hull, Leicester, South- 
ampton, the University College of 
Ibadan in Nigeria, Raffles College 
in Singapore and Makarere Col- 
lege, Uganda, East Africa. An 
interest in specialists in geology 
has been expressed by the Uni- 
versities or University Colleges of 
Aberdeen, Birmingham, Bristol, 
Cambridge, Edinburgh, Liverpool, 
Manchester, Southampton and 
Nottingham. Since it is desirable 
that American grantees be dis- 
tributed widely throughout the 
British university system, appli- 
cations made with a view of at- 
tachment at universities other 
than Cambridge, London and Ox- 
ford are especially encouraged. 


Other Countries 


Programs for Australia and 
Turkey will be announced by the 
Department of State in the near 
future. It is anticipated that op- 
portunities will be provided for 
research in Australia in economic 
geography (human __ settlement 
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tvpes) and in geology (inverte- 
brate paleontology). Opportuni- 
ties for lecturing in physical or 
human geography are anticipated 
in Turkey. 


The closing date for filing ap- 
plications for awards for lecturing 
and research for the academic year 
1951-52 is October 15, 1950. Re- 


quests for application forms and 
for further information concern- 
ing opportunities for visiting 
lecturers, research scholars and 
specialists should be addressed to 
the Committee on International 
Exchange of Persons, Conference 
Board of Associated Research 
Councils, 2101 Constitution Ave., 
Washington 25. D. C. 








All books listed here are deposited 
in the Library of The Earth Science 
Institute and may be borrowed by 
the members. Books marked with an 
asterisk may be purchased through 
The Earth Science Publishing Co., 
Revere, Mass. 


*PRINCIPLES OF SEDIMENTATION, W 
H. Twenhofel. 2nd Edition, 1950. xii, 
674 pp., 81 figs.; $6.50. (McGraw-Hill 
Book Co., New York.) 

In this revision the same approach 
and organization has been kept, but it 
has been brought up to date in present- 
ing the progress made in the study of 
marine sediments and sedimentary pro- 
cesses in the sea. The concept that 
sediments are the products of heritage 
and environments is emphasized The 
environmental factors, origins, trans- 
portation, deposition, formation, clas- 
sification, textures and colors of sedi- 
ments are considered, A highly recom- 
mended college text for an introductory 
course in sedimentation 

® 

*ECONOMIC MINERAL DEPOSITS. Alan 
M. Bateman. 2nd Edition, 1950. xii, 
916 pp., 303 figs.; $7.50. (John Wiley 
& Sons, New York 


The author has consolidated his treat- 


ment of processes by re iping them 
and preceding them by general prin- 
‘iples The sections n hydrothermal 
processes of mineral formation, cavity 
filling, replacement, sedimentation, and 


weathering processes have been reorgan- 
ized and consolidated, Mineral deposits 
are treated according to the processes 
of formation instead of by a classifica- 
tion of mineral deposits. Detailed treat- 
ment is given to magmatic deposits, 
oxidation, and supergene enrichment. 

In order to prevent the book from be- 

coming outdated statistics in general 

are eliminated. The selected references 
have been brought up to the end of 

1949, a total of 41 pages. A compre- 

hensive treatise on both ore deposits 

and non-metallics, it is designed for 
use in either one- or two-term courses 
in economic geology 

co) 

*THE ADVANCED ATLAS OF MODERN 
GEOGRAPHY John Bartolomew. 
1950 iv, 155 pp.; illus.; $6.00. 
(Meiklejohn & Son, London; Me- 
Graw-Hill Book Co., N. Y.) 

This new atlas Barth- 

olomew’s Hour System of Geographical 


introduces 


Co-ordinates, in which the world is 
divided into 24 hour zones of 15° longi- 
tude, each being sub-divided into 90 
Westings. The quadrant from Equator 
to Pole is divided into 90 parts, each 
being sub-divided in 10 Northings. It 
is related to the World Grid, based on 
Greenwich, and avoids the confusion of 
reading east and west of a _ prime 
meridian The atlas includes excellent 


full-color maps on the surface geology, 


structural geology, physiography, earth- 
quake regions, oceanography, and soils 
of the world, as well as regional ge- 
ological maps of the gex rpholog and 
veolog f | e and the reo! f 
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ment of 19 different types of map pro- 

jections, climatic tables, and a list of 

geographical terms are included in this 
outstanding work. 
* 

GEOLOGIC DESCRIPTION OF THE 
MANGANESE DEPOSITS OF CALI- 
FORNIA. Parker D. Trask et al. 1950. 
378 pp., 20 pls., 12 figs.; $2.75. (Bull 
152, Calif. Division of Mines, San 
Francisco.) 

A supplement to Bulletin 125, this 
volume contains a _ series of detailed 
descriptions and maps of several hun- 
dred manganese deposits arranged by 
counties Bulletin 125, Manganese in 
California, by Olaf P. Jenkins, summar- 
ized the data procured by the U.S.GS. 
in World War II, and included an out- 
line geologic map of California showing 
the locations of manganese deposits 
The present report describes in detail 
the individual deposits 

a 

CAMBRIAN SYSTEM OF WEST VIRGINA. 
Herbert P. Woodward, 1949. xii, 318 
pp., 52 pls., 10 figs.. $2.00. (Vol, XX, 
West Virginia 
Morgantown.) 


Geologic Survey, 

This volume deals with the Cambrian 
rocks of West Virginia, together with 
certain older rocks whose precise age is 
uncertain, and a few small igneous 
This is 
the third volume by the author in a 


dikes of probable Triassic age. 


series on the systematic stratigraphy of 
the State (Silurian System of West 
Virginia, Vol. XIV, 1941, and Devonian 
System of West Virginia, Vol, XV, 1943). 


a 
*LET’S HUNT FOR HERKIMER DIA- 
MONDS. Claude H. Smith, 1950. 48 
pp., 15 figs.; $1.00. (Claude H, Smith, 
Geneva, N. Y.) 

An interesting little (4'4’"x6’") book- 
let on these beautiful quartz crystals, 
which occur in the Little Falls dolomite 
of the Mohawk Valley in east-central 
New York. It includes discussions on the 
geology of the region, the best places 
to search, developing finds, and the 
varieties of crystals found 


OTHER PUBLICATIONS 
RECEIVED 


GEOLOGY OF THE QUIEN SABE QUAD- 
RANGLE, CALIF. Carlton J. Leith, 1949. 
60 pp., 11 pls., 6 figs.; $1.75. (Bull, 147, 
Calif. Division of Mines, San Francisco.) 
Includes Quicksilver and Antimony 
Deposits of the Stayton District, Calif., 
by Edgar H. Bailey and W. Bradley 
Myers. 

GEOLOGY AND MINERAL DEPOSITS OF 
AN AREA NORTH OF SAN 
FRANCISCO BAY, CALIF. Charles E. 
Weaver. 1949. 136 pp., 24 pls., 4 figs.; 
$4. (Bull. 149, Calif. Division of Mines, 
San Francisco.) Vacaville, Antioch, 
Mount Vaca, Carquinez, Mare Island, 
Sonoma, Santa Rosa, Petaluma, and 
Point Reyes Quadrangles. 

GEOLOGY OF THE MACDOEL QUAD- 
RANGLE, CALIF. Howel Williams, 1949. 
78 pp., 4 pls., 13 figs.; $1.75. (Bull. 151, 
Calif. Division of Mines, San Francisco.) 
Includes Circular Soil Structures in 
Northeastern Calif.. by Peter UH. 
Masson. 

SPECTROGRAPHIC ANALYSIS FOR 
VANADIUM IN KANSAS CLAYS. 
Albert C. Reed. 1950. 20 pp., 2 fig.; 
$0.10. (Bull. 86, Part 2, Kansas State 
Geological Survey, Lawrence.) 

NATURAL GAS IN 1948; PETROLEUM 
in 1948. R. B. Harkness. 1950. iv, 102 
pp., 7 figs.; free. (58th Annual Rept., 
Part 3, 1949, Ontario Dept. of Mines, 
Toronto.) 

ASBESTOS IN ONTARIO. OD. F. Hewitt. 
1950. 7 pp., free. (Industrial Mineral 
Circular No. 1, Ontario Dept. of Mines, 
Toronto.) 

TAIBI LAKE AREA, ABITIBI-EAST 
COUNTY. Rene Beland. 1950. iv. 20 
pp., 9 pls. free. (Geological Rept. 40, 
Quebec Dept. of Mines, Quebec.) 

A CHEMICAL STUDY OF THE PEATS 
OF QUEBEC. J. Risi, C. E. Brunette, 
D. Spence, and H, Girard. 1950. 36 
pp., 6 pls., 7 figs.; free. (P.R. No, 234, 
Quebec Dept. of Mines, Quebec.) 1. 
The “Clair” Peat Bog, Bellechasse 
County 
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4 @ VIVID FLUORESCENCE 

2 @ MUCH LOWER PRICES 

$ @ WEIGHT 16 OUNCES 
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$ @ 110-VOLT 

4 Model SL Ultra-Violet Lamps = @ -- BATTERY 
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; finest Mineralights ever produced 

$ ARE NOW HERE AT UNBELIEVABLY LOW PRICES. 
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; MODEL SL 3660 — Long Wave maatiateiiinbaticis 
$ WRITE FOR CATALOG SL-6 
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> SOUTH PASADENA, CALIFORNIA 
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Why Ward Collections are Preferred... 


Prepared exclusively for the discriminating collector and 
for educational and research institutions, Ward’s collec- 





tions are unqualifiedly guaranteed for accuracy of speci- 
men identification and _ scientific arrangement. Each 
reflects the careful handling and exacting judgment which 
experienced buyers expect of Ward’s. 


* Introductory Mineral Collections * Petrographic and Petrologic 
* Gem Mineral Collections Collections 
* Collections Illustrating Descrip- * Economic Geology 
tive, Determinative Mineralogy * Radioactive Minerals 
* Physical Geology * Fluorescent Collections 


These collections are described in free Price List MH 5 


Special lists describing systematic and stratigraphic fossil 
collections are also available on request. 


WARD’S NATURAL SCIENCE ESTABLISHMENT 


3000 Ridge Road East Rochester 9, N. Y. 
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OUT-OF-PRINT GEOLOGY BOOKS 

We have one of the largest selections of out-of-print earth science books 
in the country. Send us your want list of earth science books on geology, 
mineralogy, paleontology, mining, and related fields. Send for our latest free 
price lists of in-print and out-of-print earth science books. 

The following is a selection of titles from our current stock. Please select 
alternates if possible, for we have only 1 copy of many of those listed. 10 or 
more books, 10% discount. All books F.O.B. Boston, All books are in good 
second-hand condition unless otherwise noted. 

LIST No. 3 
Chamberlin, T. C. & R. D. Salisbury A COLLEGE TEXTBOOK OF 

GEOLOGY. 2 vols. N. Y 
Part I Geologic Processes. Rev. ed. 1927 $ 1.50 
Part I 2nd ed. 1933 2.00 
Part II Historical Geology. 1909; rev. ed. 1930 each 2.00 

Dana, E. § MINERALS AND HOW TO STUDY THEM. 2nd rev. ed. 

N. Y. 1903 1.00 
Dana, J. D NEW TEXT-BOOK OF GEOLOGY, 4th ed, N. Y. 1883 1.00 
MANUAL OF MINERALOGY AND PETROGRAPHY. 6th ed, N. Y. 

1888 1.25 
Freeman, J. R EARTHQUAKE DAMAGE AND EARTHQUAKE INSUR- 

ANCE, N. Y. 1932 5.00 
Geikie, A, (Sir) GEOLOGICAL SKETCHES AT HOME AND ABROAD. 

N. Y. 1892 1.00 
GEOLOGY. Ed. de Luxe. N. Y, 1904 1.50 
TEXT-BOOK OF GEOLOGY. Limited ed. St. Louis 1901 1.50 

Haeckel, E THE EVOLUTION OF MAN. 3rd ed. 2 vols. Akron N. D. 2.00 
Hoover, H. C PRINCIPLES OF MINING. Ist ed. N. Y, 1909 2.00 
Ihlseng, M. C A MANUAL OF MINING. 3rd ed. N. Y, 1901 1.00 
LeConte, J. ELEMENTS OF GEOLOGY. list ed. N. Y. 1878-82 2.25 
2nd ed. N. Y. 1890-95; 4th ed. N. Y. 1898-99 each 2.00 
A COMPEND OF GEOLOGY. N. Y. 1884 1.00 
EVOLUTION. 2nd rev. ed. N. Y. 1896-97-98 1.00 
Longwell, C. R., A. Knopf, & R. F. Flint A TEXTBOOK OF GEOLOGY. 

Part I: Physical Geology. N. Y. 1932 1.75 

OUTLINES OF PHYSICAL GEOLOGY. Ist ed, N. Y. 1930 1.50 
Lubbock, J. (Sir) THE SCENERY OF SWITZERLAND AND THE 
CAUSES TO WHICH IT IS DUE. 2nd ed. N, Y. 1896. Folding map 1.50 
Same. Leipzig 1897. 2 vols. bound in 1 1.25 
Lyell, C. (Sir) ELEMENTS OF GEOLOGY. 3rd ed. London 1851. 
Torn sp 2.00 
6th ed. N. Y, 1856; London 1865 each 2.50 
PRINCIPLES OF GEOLOGY. 9th ed. London 1853 1.25 
THE EARTH SCIENCE PUBLISHING COMPANY 
Revere, Massachusetts | 
| 
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NOTHING BUT 
NATURAL HISTORY 
IN LAYMAN’S 
LANGUAGE 
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Frontiers - Five Times a year 
3 years (15 issues) $4.00 


Published by 
The Academy of Natural 
Sciences 


19th and PARKWAY 
Philadelphia 3, Pa. 











GEOLOGICAL DICTIONARY 


An authentic reference book by C. Mabel 
Rice, of Princeton, N. J., containing about 
all the geological terms used by geologists 
and those working in the allied sciences of 
et ggg nae ob Petrology, Mineralogy, Evolu- 
tion, Vertebrate and Invertebrate Paleonto- 
legy. and Stratigraphy. Stratigraphic forma- 
tions and paleontologic genera and species 
are not included, About 500 pp. Price $6.50. 
May be obtained from MISS KATHERINE 
FARRAND, Box 852, Pass-A-Grille Beach, Fla. 














INDIAN RELICS 

4 VERY FINE ANCIENT INDIAN 
ARROWHEADS, $1.00; 4 tiny 
perfect bird Arrowheads, $1.00; 1 
Ancient Stone Tomahawk, $1.00: 
2 Flint Skinning Knives, $1.00; 1 
Large Flint Hoe, $1.00; 2 Spear- 
heads, $1.00; 10 Arrowheads from 
10 states, $1.00; 10 Fish Scalers, 
$1.00; 10 Hide Scrapers, $1.00; 4 
Perfect Saw edged Arrowheads, 
$1.00; the above 11 offers, $10.00 
Postpaid. List free. 


LEAR’S 


GLENWOOD, ARKANSAS 
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The Journal 
of Geology 


An international journal of 
the earth sciences 
ANNOUNCES 
A special issue on 


LIMESTONE REEFS 


as its July, 1950, number 


SINGLE COPIES 
available at $1.50 
[Canadian postage, 4¢; 
foreign postage, 10¢] 


The Journal of Geology 


Walker Museum 
University of Chicago 


CHICAGO 37, ILL. 
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LET'S HUNT FOR 
“HERKIMER DIAMONDS” 


The first booklet written exclusively on 


Herkimer Diamonds Tells you where to 
find them, how to look for them and what 
you will find 14 pictures of choice speci- 
mens and ecting areas, with the out-of 
print geological map of the region. Pocket- 
size — take it along and find your own 
Diamonds free $1.00 postpaid 


CLAUDE D. SMITH 





BOX 231 GENEVA, N. Y. 








MINERAL NOTES 
AND NEWS 


Devoted to the study of minerals and 
the activities of Mineral Societies. The 
Official Journal of The California Fed- 
eration of Mineralogical Societies. 
Subscriptions $1.00 a year (foreign, 
$1.50 a year); single copies, 10¢. Special 
reduction to Society members. Ad rates 
on application 


MINERAL NOTES & NEWS 


P. O. BOX 204 
RIDGECREST, CALIFORNIA 
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mmm URANIUM PROSPECTING WITH 
‘ M-SCOPE GEIGER COUNTER 


- 16 Page FREE LITERATURE 





* Ultra-Sensitive * Accurate 
* Low Battery Cost * Extra Light 


Price $35.00 up 


TIME PAYMENT PLAN AVAILABLE 
Free Literature Upon Request 


FISHER RESEARCH 
LABORATORY, Inc. 


1961-63-65 University Ave. Palo Alto, Calif. 


BACK NUMBERS OF CHOICE CRYSTALS 


The Earth Science Digest We aim to stock all the crystallized types of 


Minerals, both groups and singles, in choicest 
selected quality, from foreign and domestic 


La Ae De sn sn La Ben hn te hn Mi hi Mh Ma Ma Mi Mi Ml Mh Ma th hh th ih, tl 
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The following back issues of the sources Quality is our watchword. Pay a 
Earth Science Digest are available few cents more and get the best. 
at 25¢ each: 
CUT GEMS 
May 
Jan.- Complete stocks of cut gems, both faceted 
January and cabochon, all genuine, precious and 
through semi-precious, from world wide sources. 
Also a!l the important synthetic gems, in- 
cluding the new famous TITANIA (synthetic 
Rutile) which has more sparkle than a dia- 
The following are available at 50¢ mond (1 to 3 carats @ $15.00 per carat). 
each URANIUM COLLECTION 
October, December, 1946 March 1948 
_ 5 important uranium minerals: pitchblende, 
carnotite, autunite, uranium salts, uraniferous 
The Sept.-Oct. 1948 ,issue is avail- agate, for $3.50 postpaid. Handbook of 
AS a Uranium Minerals for prospecting, containing 
abie at $1.00 per copy 96 pages, for $2.00. Both for $5.00 postpaid 
i SUPPLIES, BOOKS, Etc. 
The Earth Science Digest All the important books on Geology, Miner- 
alogy, Gemology, Paleobotany and Lapidary 
REVERE, MASS. NEW: Chambers Mineralogical Dictionary, 40 


full page color plates, showing 164 individual 
mineral specimens in color. Listing 1400 


s : ’ definitions of minerals. Published in London. 
TREASURE and MINERAL aa Price $4.75 plus 15 cents postage. 


LOCATORS Supplies such as Fluorescent Lamps, Micro- 


scopes, Riker Mounts, Hardness Pencils, 
Geiger a Counters Diamond Saws, Geiger Counters, etc. 
FOR URANIUM-ORES 


Credit Plan 
Free Literature 
FISHER RESEARCH 
LABORATORY INC. 
Palo Alte, Calif. 





32 Page Catalog Free. Write today 


V. D. HILL 


Complete Gem & Mineral Establishment 
ROUTE 7, BOX 400 SALEM, OREGON 
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HILLQUIST_GEM- MASTER 


SAWS! GRINDS! § 
ip SANDS! BUFFS! @ ‘ 
Everything in- ware* 
cluded except —&- 


motor. Uses all 
Hillquist acces 


Zz 
beginners Only» WCUNMIETITMINTS 


© Cut Faster—Last Longer—Costs 


$42.50 complete 


HILLQUIST_ DRUM SANDERS "*ee, 


The most popular drum 

sander made. Patented Ne 
“quick-lock’ screw makes (9% C 

it easy to change sanding ” ( 

cloth. Two sizes (2° x7" —$6 


(3''x7"’'—$7). State size orbor NOC 
HILLQUIST TRIM SAW pb ot tts 


The “Cadillac” of trim saws. Exclu- 
sive “up-and-down 
“arbor. “No splash 
plastic guards 
Precision rock 
clamp and guide. @ 
Complete with 8” & 
blade, $57.504° 


HILLQUIST _FACETING ATTACHMENT 


A fine precision instrument. Only 
4 $29.00. For Hillquist 
' Compact Lap Unit or 


co 









»— 


for any other 
lap by using 
Adapter Socket 
at $2. No better 
faceter made 





giless. Available in all sizes. 


eYou ll swear by ‘em, not at em!s 


RAD) BEFORE YOU BUY ANY ot] 


LAPIDARY EQU/PMENT- 
Send for our BP FREE 


CATALOG 


PACKED FULL OF HELPFUL LAPIDARY 


INFORMATION - SED WOW TO- 


LAPIDARY coin 


545 Wii 497h ST. SEATTLE 7 WASH 





; ety 
: a 


HILLQUIST LAPIDARY ARBOR 


Big! Rugged! Fast! Quiet! Tokes 
2x12” wheels. Valuable for pro 
fessionals or anyone wanting fast 
smooth grinding. arbor only $53.50 





Cutting of facet or 


your rough. Recutting 4 polishin 


LAPIDARY SERVICE 


cabochon ston 


a LAPIDARY CO. 
P. O. Box 67, JAMAICA, N. Y. 


g of all featuring 





“~~ 





vv 


1109 E, 67 Street 


ee HILLQUIST SLABBING SAWS 
~ WV 16" floor model, $97.50 att, 


20° floor model, $140. | 
Real rockhounds saws 
favored for their big a; 


capacity and lifetime 


construction Magic 
Brain” automatic feed ay: 


for above $46.35. 


se HILLQUIST COMPLETE FACETER 
Only $62.50 complete with 3 
\ index plates. You can cut any 


faceted form quickly and 
easily The equal 


3 > of faceters 
Bey oo 
tate HILLQUIST GEM DRILL HOLE SAW 


Drills finest holes «u-_ 
at high 

speed and saws 
discs up to 1'2 
Exclusiveramrod § 
action prevents ——_ 


% 
core plugging = —= 
Fully automatic “ $68.80 


“se TMS 


Bigger than the Gem-Master. Handles 


up toa 10” saw. Saws grinds, e——<" 
sands, polishes, laps wy 
cuts spheres — does every 


thing and does it better ‘ad 
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Thouands in use 
Everything included 


Be. 


4 


except motor 


oat $110 





JEWELED GAVELS 


es from Hand-tur 


ned of crystal, with black 4 ite, 


niniature Past President 


xvels 

¥ stones and eee JEWELED CROW vN OF 
somplete stock of gem stones for your FL OATI ING “OPA! ew gen 1ine A ralian 

collection or jewelry. Feat uring beautiful fire r which actu 

Aust! rali Opa and syr Rutile at within the gavel itself. Price: $6. 95. to $17. 30. 

new Write { 


istrated price list 


G. WOOD 


Inglewood, Calif. 








f 
Aquamarine; Golden Beryl; 


Kyanite; Peridot; C 


Booklet, Introduction t« 
WE SPECIALIZE IN MINER 
STORES 


Dept. E 1 





Pink Tourmaline: Gree 


itrine; and Amethyst 


» Geology for the Lz 
AL SETS FOR GIFT SH 


DEALERS’ INQUIR 
ite for free catalogue 


ECKERT MINERAL RESEARCH 


10 E. Main Street 


1 crystal gems in a Sn 


_ GEM SPECIMEN COLLECTION 


line rough specimens 


wwfoam plastic mount 


n Tourmaline; Green Bery!] 


e $2.50 prepaid 
ivman He 
OPS AND MINERAL SUPPLY 
IES INVITED 


Florence, Colorado 
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Engineered By 
Pioneer Manufacturer of 
Radiation Instruments 
Na OE ee 
@ LIGHT @ RELIABLE 
@ PORTABLE @ SENSITIVE 


Write for Full Details on Mode] F-4 


Technical Associates 


3730 SAN FERNANDO ROAD 
GLENDALE 4, CALIF. 


| RADIATION DETECTOR 


Designed Especially For Prospectors 
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BURMINCO 


Are You Interested In 


| Rare Mineral Specimens ? 


Gem Materials ? 


Fine Fluorescents ? 
Showy Cabinet Speciments ? 


Some of our recent offerings: 
Morganite, Beryl Crystals, 
Famatinite, Melanovanadite, 
Percylite, Hewettite, Codazzite, 
Quisqueite, Stolzite, Topaz, 
Lawsonite, Patronite, Pascoite, 
Cerargyrite, Cornetite, Curtisite, 
Paravauxite, Tennantite, Triplite, 
Fluorescent Calcites, etc. 


Then write for our free, con- 
tinuously up-to-date catalog. 


BURMINCO 


128 S. Encini'as Monrovia, Calif. 


Open 9 A.M. to 9 P.M. Closed Tuesdays 
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5 CONNECTICUT MINERALS 


attractive compartmented 9”x12” 


box. Price pre-paid $2.50 within 1000 miles 


$2.75 over 1000 miles 


V & S MINERALS 


TRINITY, BOX 222, HARTFORD, CONN. 











From the German 
Precious Stone Center: 


Collections of 20 rough precious 


stones $1.50 and $3.00, postpaid, 
duty free. Remit by international 
money order 

Also cut gemstones of every de- 
scription. Gemological and other 


scientific instruments, micr 


spectroscopes, scales, et 


G. O. WILD 


Idar-Oberstein 2 


scr pes, 


Rhineland, Germany 














GEM ROUGH 
KEWEENAW AGATES. Small beach 
pebbles, Colorful $1.25 Ib. 
AVENTURINE. Green quartz with 
mica 1.25 lb. 
STAR QUARTZ. Should be in every 
collection 2.00 Ib. 
DENDRITIC OPAL. Trees, shrubs 
in tan and white opaque 
opalite 1.00 Ib. 
BLACK OBSIDIAN. Jeweler’s qual- 
ity 1.15 Ib. 
BRECCIA JASPER. From _ Stone 
Canyon 1.15 Ib. 
NEVADA Browns 
and reds 1.25 Ib. 
RHODONITE. Pink and 
black 
ALGAE 
whorls 
MONTANA AGATE. 
spots 
ALL GEM MATERIALS POSTPAID 


GEM WOOD. 


1.15 Ib. 
feathery 
1.00 Ib. 
colors, 
1.00 Ib. 


AGATE. Brown 


Bands, 


VIOLET L. LUOMA 
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URANIUM ORE 


MAY BE EASILY RECOGNIZED WITH THE 


THE EXPERTS SAY 
RCL ATOMIC BLINKER 


eet aromic suincen” | DLL OTA 


GEIGER COUNTERS The best buy in lapidary equip. 


> 

















































y 
The Rocks and Minerals 
Association 
Headquarters: Peekskill, N. Y U.S.A 
Organized in 1928 for the increase and j 
dissemination of mineralogic 2» 
Membership in the Associatio is open 
to all persons of o standi ng in their 
- ie respective communities and who are § 
possessed of a sincere interest in mat 
_— . ters mineral 
Radiation Counter Laboratories, Inc. Soon SRGe o tm 
: Some Advantages Of Membershir 
Dept. ESD. 1844 West 21st St., Chicago 8, Ill. A — in good standing i 
i Minerals, a bi-r 
ber’s identif 
privileges F 
BUILD YOUR OWN clubs, societies, m 
GEIGER COUNTER: a tanenies anon 
nd meetings ar iged 
an tnt vii ne (4) The r ght to 
aed mesa oor tage this COMPLETE "@ e of membership and 
idk Oc ethink euaeuthiom « , heir names a de ° 
cedienk pale tnttieinn tent ' membership o t i 
Fully quoranteed! Sensitive to both bet > on stationery etc 
endeomme vedict », idateuet : n and the prestige which 
ty d so spe oy somes from membership in the world’s 
largest mineralogical soc e'y 
SCIENCE KITS LTD. literature Ja te aig are arcane te i 
| S514 R Hollywood Blvd. « Hollywood 28, Calif 
se. a sas 
Secretary ROCKS AND MINERALS 
tg "BE. a ash A oe ASSOCIATION Dept. ES 
FRANK LYMAN Peekskill, N. ¥ | 
FINEST QUALITY SEA SHELLS. All are | I desire to join the Association 
scientifically labeled lassified Mi niat Please enrol] me as a member for 
journal ‘Shell Notes’’, oo aes Edition, illus years for which $ is en 
trating shells and corals, 50 cents per copy .) ; in (Du 200 . 
(Vol. 2, Nos. 10, 11, 12 combined — July closed as dues. (Dues $3.00 a year . 
1950 edition) NAME . 
LANTANA FLORIDA, U. S. A. (Please print or write plainly) 





Just Published 


THE CAVE BOOK 


By CHARLES E. HENDRIX 
SPECIAL PUBLICATION No. 1 OF THE EARTH SCIENCE INSTITUTE 


This new book is a ‘must for any one interested in what goes 
on beneath the surface of the earth. A popular account of caving 
it imcludes discussions on the hobby of spe'unking, the origin of 
caves and theories of cave formation dripstones (stalactites, etc 





cave surveying and mapping, exploring equipment and commercia 
caves It is profusely illustrated with photographs and 21 line 
drawings by the author 

JUNE, 1950 68 PAGES, 34 ILLUSTRATIONS $1.00 


Discounts will be allowed on quantity orders 


DEALERS’ INQUIRIES ARE INVITED 


THE EARTH SCIENCE PUBLISHING CO. — Revere, Mass. 
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All books listed here may be obtained by sending a check or money 
order to THE BOOK SHELF, THE EARTH SCIENCE DIGEST, 
REVERE, MASS. 

We pay postage in the United States] 


New Books 


The following books were not listed in our complete catalog of 
books on the earth sciences, which appeared in the Earth Science 
Digest from June 1949 to January 1950. 


THE CAVE BOOK by Charles E. Hendrix. 1950. 68 pp., 34 figs. 1.00 
STRUCTURAL PETROLOGY OF DEFORMED ROCKS by H. W. Fairbarn. 

1949 344 pp., 213 figs $12.50 
REBELLIOUS RIVER by J. P. Kemper. 1949, 279 pp., 7 figs. 6.00 


APPLIED SEDIMENTATION edited by Parker D. Trask. 1950. 707 pp., 

114 figs 5.00 
GRASSLAND HISTORICAL STUDIES by James C, Malin. Vol. I: Geology 

and Geography. 1950. 377 pp., 5 figs 2.50 
GEOCHEMISTRY by Kalervo Rankama and Th. G. Sahama. 1950. 912 


oU figs 


pI} 15.00 
INTRODUCTION TO THEORETICAL IGNEOUS PETROLOGY by Ernest 

E. Wahlstrom. 1950. 366 pp., 155 figs. 6.00 
APPLIED HYDROLOGY by Ray K. Linsley Jr., Max A. Kohler, and 

Joseph L. H. Paulhus. 1949. 689 pp., 329 figs. 8.50 
CRYSTALS AND X-RAYS by Kathleen Lonsdale. 1949. 199 pp., 13 pls., 

138 figs. 3.75 
GEOLOGY APPLIED TO SELENOLOGY IV: THE SHRUNKEN MOON 

by J. E. Spurr. 1949, 207 pp., 36 figs. 4.00 
A NEW THEORY OF HUMAN EVOLUTION by Sir Arthur Keith. 1949. 

151 pp., 1 fig 4.75 
INTRODUCTION TO COLLEGE GEOLOGY by Chauncey D. Holmes. 

1949 129 pp., 312 figs 4.00 
THE ART OF THE LAPIDARY by Francis J. Sperisen. 1950. 382 pp., 

1 pl., 406 figs 6.50 
GEOLOGY FOR ENGINEERS by Joseph M. Trefethen, 1949, 620 pp., 

242 figs 5.75 
HYDROLOGY by C. O. Wisler and E. F. Brater. 1949, 419 pp., 132 figs. 6.00 
NORTHWEST GEM TRAILS by H. C. Dake. 1950. 80 pp., 14 figs. 2.00 


Is there a book relating to the earth sciences which you need and 
which was not listed in our catalog? If so, why not write to us? 
We can obtain for you practically any “in-print’” book published. 


The Book Shelf 


The Earth Science Publishing Company Revere, Mass. 
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COMPLETE SHOP 





IN OUR BIG NEW 


FREE CATALOG! 


Get the low-down on the most 





exciting piece of Lapidary 
Equipment since the war... 
the NELSON Shop-In-One. 
Read all about it in our Big 
New Catalog ... also packed 
with information about the 
World’s leading line of Lapid- 
ary Equipment. This catalog 
is a must in your file. 





FREE! Nelson Lapidary Equipment Co. 
MAIL COUPON OR 
WRITE FOR OUR 520 MEAD BUILDING, DEPT. C 
NEW PREE PORTLAND 4, OREGON 


CATALOG. 





YES! By all means send me a FREE NELSON catalog. Please 


rush to: 
MY NAME 
ADDRESS FIRM 
CITY STATE 
NELSON LAPIDARY EQUIPMENT CO. 
520 Mead Building, Dept. C Portland 4, Oregon 


SALES DIVISION OF NELSON MACHINE WORKS 
RES GE ER LE TREN ERC ETD, TE AB 


























